S,S)-Ethylenediamine-N,N'-di-2-propanoic acid hydrochloride, (S,S)-H 2 eddp·HCl, was prepared and its crystal structure determined. The compound was characterized by infrared and 1 H-and 13 C-NMR spectroscopy. It forms P1 in the space group of a triclinic crystal system with a = 5.3902(2) Å, b = 5.8967(2) Å, c = 10.3319(2) Å, α = 99.625(2)°, β = 91.645(2)°, γ = = 109.995(2)° and Z = 1.
INTRODUCTION
The discovery of the anticancer activity of cisplatin led investigators to synthesize a number of platinum(II/IV) complexes that could potentially be less toxic to healthy tissues [1] [2] [3] and overcome the resistance of some tumors to this type of drug. 4, 5 Although platinum-based drugs have high nephrotoxicity and neurotoxicity, cisplatin, carbopatin and oxaliplatin are in clinical use worldwide. 6 According to these investigations, attention was mainly focused on the preparation, characterization and biological activity of metal complexes with stereospecific edda-type ligands (edda = ethylenediamine-N,N'-diacetato ion), such as the ethylenediamine-N,N'-di-(S,S)-2-propanoate ion and its derivatives. [7] [8] [9] [10] 996 GLODJOVIĆ et al.
The preparation of (S,S)-ethylenediamine-N,N'-di-2-propanoic acid was published earlier, without spectral characterization. 11 In the present study, the ligand was characterized by infrared, and 1 H-and 13 C-NMR spectroscopy. In addition, this paper reports single crystal X-ray structure determination of (S,S)--ethylenediamine-N,N'-di-2-propanoic acid hydrochloride, crystallized from an HCl-water solution (pH 1.0).
EXPERIMENTAL

Chemistry
All reagents were of grade purity. (S,S)-Ethylenediamine-N,N'-di-2-propanoic acid, ((S,S)-H 2 eddp), was prepared using a previously described procedure. 11 On leaving an HCl--water solution of (S,S)-H 2 eddp (pH 1.0) to stand at room temperature for several days, (S,S)--ethylenediamine-N,N'-di-2-propanoic acid hydrochloride, (S,S)-H 2 eddp·HCl, crystallized in a form suitable for X-ray crystal structure determination.
Crystal structure determination
A colorless block-shaped single crystal of (S,S)-H 2 eddp·HCl was sealed into a glass capillary and used for the measurement of precise cell constants and intensity data collection. The data were collected at room temperature on a Bruker-Nonius KappaCCD using MoKα radiation (λ = 0.71073 Å, graphite monochromator). The diffraction intensities were corrected for Lorentz and polarization effects. The absorption effects were corrected on a semi-empirical basis using multiple scans (SADABS). 12 The structure was solved by direct methods and refined by full-matrix least-squares calculations against F 2 . 13 All non-hydrogen atoms were refined with anisotropic displacement parameters. The position of all hydrogen atoms were derived from a different Fourier synthesis and all hydrogen atoms were refined with individual isotropic displacement parameters. The details of the crystal data, data collection and structure refinement are summarized in Table I . (4) The infrared spectrum was recorded on a Perkin-Elmer FTIR 31725-X spectrophotometer using the KBr pellet technique. The 1 H-and 13 C-NMR spectra were recorded on Varian Gemini-200 NMR spectrometer using TMS in D 2 O as internal reference at 22 °C using a 10 mM solution of the compound. Elemental analyses was realized on a Vario III CHNOS elemental analyzer, Elemental Analysensysteme, GmbH.
All the reagents were obtained commercially and used without further purification. 3 .54 (4H, t, CH 2 ), 3.67 (2H, q, CH). 13 The IR spectrum of the ligand showed specific absorption bands, i.e., δ(C=O) at 1728 cm -1 (strong), typical absorption for a protonated acid, δ(C=O) at 1693 cm -1 (strong), typical absorption for a deprotonated acid, δ(C-O) 1275 cm -1 (medium) and δ(CH 3 ) at 2828 cm -1 (medium).
RESULTS AND DISCUSSION
The NMR spectroscopic measurements gave proof for the constitution of the ligand. In the 1 H-NMR spectrum of (S,S)-H 2 eddp·HCl, there are the expected signals of CH 2 protons between two diamine nitrogen atoms at 3.54 ppm as a triplet. The signal for the hydrogen atoms of the methyl groups is located at 1.53 ppm as a doublet. The signal for the hydrogen atoms of the CH groups is at 3.67 ppm as a quartet. 13 C-NMR spectrum of (S,S)-H 2 eddp·HCl exhibits signals for the carbon atom of the COOH groups at 175.7 ppm. The signal of the carbon atom of the methyl groups is at 17.4 ppm. The carbon atoms of the CH 2 groups gave a signal at 44.7 ppm and of the CH groups a signal at 60.1 ppm.
Description of the structure of (S,S)-H 2 eddp·HCl
Using the previously described procedure, 11 (S,S)-ethylenediamine-N,N'-di--2-propanoic acid, (S,S)-H 2 eddp, was isolated as a double zwitter ion at pH 5, with two secondary nitrogen atoms and two carboxylic groups in its structure (Fig. 1) . Acidification with aqueous HCl solution to pH 1 resulted in the proto-998 GLODJOVIĆ et al. nation of one carboxylic group of the (S,S)-H 2 eddp molecule. This protonated hydrochloride form of (S,S)-H 2 eddp yielded good quality crystals suitable for X-ray structure determination. The molecular structure of (S,S)-H 2 eddp·HCl with the corresponding atomic numbering scheme is shown in Fig. 2 . The unit cell packing of the (S,S)--H 2 eddp·HCl molecule is given in Fig. 3 , while selected bond distances and bond angles are listed in Table II . The structure of (S,S)-H 2 eddp . HCl consists of the protonated (S,S)-H 2 eddp . HCl molecule, as a (S,S)-H 3 eddp + and a Clcounter ion. The difference between the O(1)-C(1) and O(2)-C(1) bond lengths (Table II) (Table III) . All the other bond distances and angles are in their usual ranges.
The specific shape of the central diamine part of the (S,S)-H 2 eddp . HCl molecule is a consequence of the strong intermolecular N(1)-H(1B)···Cl (1) and N(2)--H(2C)···Cl(1) hydrogen bonds. These N-H···Cl hydrogen bonds, strong inter-molecular N-H···Cl and O-H···O hydrogen bonds as well as weaker C-H···Cl hydrogen bonds (Table III) 
